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PATENT 
CASE NAME: SP02-274 

METHOD FOR ESTIMATING BIT-ERROR-RATIOS 
WITHIN AN OPTICAL COMMUNICATIONS NETWORK 

Background of The Invention 

1 . Field of the Invention 

[0001] The present invention relates generally to monitoring and measuring data 
transmission integrity in optical communications networks, and particularly to methods 
for determining a bit error rate (BER) associated with the performance of such a network. 

2. Technical Background 

[0002] The integrity of signals transmitted via optical transmission systems are 
affected by optical noise within the system, and the gradual deterioration of the 
waveforms over distance. This deterioration results from a variety of sources, such as 
attenuation, chromatic and polarization-mode dispersion, nonlinearities, and other effects. 
[0003] The design and operation of an optical network (particularly one employing 
amplification, multiple optical fiber links, dispersion compensation, and routing switches) 
requires maintaining an acceptable margin between the actual signal-to-noise (SNR) ratio 
at any point in the network and a threshold ratio determined by the maximum acceptable 
bit-error-rate. (BER) or bit error ratio for the overall network. It may be difficult or 
impractical to measure actual SNRs or BERs associated with specific optical functions or 
regions within a network, due to the type of equipment that would need to be deployed 
remotely throughout the network, and the time necessitated to precisely or reliably 
determine these values at very low BERs. 

[0004] Various approaches for determining the BER at locations within a network are 
currently used. In general, conventional methods rely either on transmitting a known 
data set (for example, a pseudo-random string of Is and 0s) via the network and 
comparing the received content with the original content at specific points of inquiry, or 
conversely appending a parity value to an actual data set (the parity value being 
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calculated using the content of the data set and some predetermined algorithm), in which 
case the magnitude of any variation between the original parity value and one calculated 
using the received data set is proportional to the BER for that transmission span. It will 
be appreciated that these approaches present limitations or drawbacks, such as 
fractionally reducing the network's bandwidth capacity for true information content due 
to the overlay of parity or integrity-checking content, and being highly-dependent on the 
network's signal format (SONET, SDH, PDH, etc.) 

[0005] Approaches for estimating BER more conveniently at remote locations within a 
network, independent of signal format, and without informational overlay have been 
proposed. One approach involves measuring BER experimentally at a range of decision 
threshold values, and then extrapolating to estimate a minimum-achievable BER at the 
optimal threshold. This process involves using a <Q-fitting algorithm, and the technique 
may be illustrated graphically by plotting a two-dimensional histogram of the log(BER) 
signal values along thej>-axis and the threshold value (usually in mV) along the *-axis to 
form two converging lines of data points, fitting curves to those data points, and 
extrapolating the point at which the curves intersect. Such a process relies on various 
assumptions (such as the noise within the system being Gaussian, which in not strictly 
true), but has yielded reasonably accurate BER estimates for some applications. 
[0006] A further description of implementations of such BER-estimation processes and 
the relevant calculations and algorithms involved are provided by Bergano, et al. 9 Margin 
Measurements in Optical Amplifier Systems, IEEE Photonics Tech. Letters, vol. 5, no. 3, 
pp. 304-306 (Oct. 1993), and Ohteru, et at, Optical Signal Quality Monitor Using Direct 
Q-Factor Measurement, IEEE Photonics Tech. Letters, vol. 1 1, no. 10, pp. 1307-1309 
(Oct. 1999). 

Summary of the Invention 

[0007] In overview, the present invention involves using a bit counter to measure the 
actual distribution of Is and 0s in a transmitted data set (measured within a predetermined 
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synchronous time frame) as a function of threshold value, and directly estimate the BER 
at an optimal or predetermined threshold value using a g-fitting algorithm. 
[0008] Additional features and advantages of the invention will be set forth in the 
detailed description which follows, and in part will be readily apparent to those skilled in 
the art from that description or recognized by practicing the invention as described 
herein, including the detailed description which follows and the claims. 
[0009] It is to be understood that both the foregoing general description and the 
following detailed description merely present representative embodiments of the 
invention, and are intended to provide an overview or framework for understanding the 
nature and character of the invention as it is claimed. These particular embodiments are 
merely representative, and assist in a full understanding of the invention as it is 
contemplated as a whole, but are not intended to define or limit the scope or boundaries 
of that invention as it is to be understood and appreciated. 

Detailed Description of the Preferred Embodiments 

[0010] The method of the present invention is described herein by reference to 
representative embodiments which are set forth in detail. In general, the present 
invention involves using a signal-quality monitor to measure the actual distribution of Is 
and 0s that are transmitted in a data set over a selected span within an optical network as 
a function of threshold value for a decision circuit, and directly estimating the BER at an 
optimal or predetermined threshold value using a g-fitting algorithm. 
[0011] The selected span may be across a single component or module for purposes of 
discrete optical performance testing or monitoring, a specified link within a larger 
network (such as an amplifier-to-amplifier or regenerator-to-regenerator span), or an 
entire network pathway from initial transmitter to ultimate receiver including multiple 
intervening links and nodes. Monitoring may be performed using a single channel or 
multiple channels within a wavelength-division multiplexed (WDM) network. 
[0012] In the representative embodiments described herein, the distribution of Is and 
0s that are transmitted in a data set are measured using a predetermined time frame 
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relative to a clock recovery signal, and as such may be referred to as synchronous 
implementations. It may be appreciated that asynchronous implementations of this 
method may also be utilized in appropriate applications. 

[0013] In a synchronous implementation, the signal-quality monitor may be one of a 
number of conventional designs disclosed in the art. For example, a suitable minimal 
design incorporates an input signal transmitted over an optical fiber, an optical-to- 
electronic transition such as a photodetector, an electronic signal gain amplifier if 
necessary, a decision circuit in which the threshold voltage may be selectively varied, a 
bit counter which may be reset as threshold values are incremented, a clock circuit which 
produces a timing signal, a memory to retain bit counts associated with each threshold 
value, and a processor to calculate a g-factor from the recorded data. The operation of 
the decision circuit and bit counter are correlated to the timing signal generated by the 
clock circuit. Output values to the memory and processor include the measured number 
of ones, zeros, and total bits at each specified threshold voltage (vj) — Ni(vj), No(v,) 3 and 
N*r(vi), respectively — and may include other parameters depending on the complexity 
and functionality of the system. 

[0014] It is understood that in some implementations, both structural and functional 
alternatives or equivalents to these elements may be utilized. It will further be appreciated 
that the selection of specific optical and electronic elements for performing the 
corresponding functions will depend upon several competing design considerations 
intrinsic to the system itself, and influenced by the design and performance of the optical 
communications network within which the system is placed, as well as the preferences of 
and particular technologies available to those in the art when practicing the present 
invention. It is understood that the description of the optical and electronic functionality 
of these elements as set forth herein is sufficient for those in the art to select from among 
readily-available alternates for these optical elements as functional and pragmatic 
considerations dictate, with reference to the literature available to those in the art 
including the references identified above, and this invention further permits the adoption 
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of new technologies suitable for performing these optical and electronic functions that 
may hereafter be developed or refined. 

[0015] If the measured number of Is at a threshold value Vj is designated as Ni(vj) m , 
and the measured number of 0s at the threshold value Vj is designated as No(vj) m , it 
follows that N T (v,) = Ni(vj) m + No(vj) m . If the actual number of 0s transmitted during a 
predetermined time frame or gating period is designated as NoC^)*™" 55 , then if follows that 
BER(vj) = | N 0 (vi) lrans - N 0 Oi) m | /N T (vj). Two theoretical assumptions underlying the 
present invention are that the number of Is and 0s transmitted within the given time 
interval are equal, and that errors result exclusively from the detection perception of true 
Is as 0s and true 0s as Is. These assumptions are understood to be valid for normal 
network transmissions carrying telephonic, data, or Internet information given a 
sufficiently-long gating interval, and for measurements taken at threshold values 
sufficiently separated from the optimal threshold value. 

[0016] Given the above assumptions, it is possible to substitute N T (vi)/2 for NoOO* 3115 
to yield BER(vj) = | N T (v;)/2 -N 0 (vi) m | /N T (vi) in place of the equation above. 
[0017] In certain applications, it is expected that BER measurements as a function of 
the decision threshold value will need to be taken for several different time phase values 
(that is, different time delays relative to the clock circuit's timing signal), and as such the 
process of searching through both a phase space (or range) as well as a threshold space 
(or range) for the optimal threshold value may be implemented in a manner paralleling 
the conventional approaches to such calculations but employing as a subset the method of 
this invention. A minimum BER value and optimal threshold value would be calculated 
for each time phase (or delay), and would entail a similar curve-fitting process and 
relating or plotting minimum BER against phase in order to estimate the optimal phase. 
Such a two-step process producing estimates comprising optimal decision time phase, 
decision threshold, and minimum BER will thereby yield the desired result for an optimal 
threshold value. 

[0018] It should be recognized from a theoretical perspective that an imbalance in the 
actual numbers of Is and 0s transmitted during a given gating interval may be expressed 



5 



as N 0 (vi) trans = (1±5) N T (vj)/2 wherein 8 represents the fractional deviation from balance 
and 8«1. This understanding yields a relationship between the calculated BER 
(BERcaic) and real BER (BER rea i) which may be simply expressed using the equation 
BERcaicOi) = BER re ai(vi) ±8/2. From this, it will be readily appreciated that for many 
implementations of the method of the present invention, the condition 8/2«BER rea i(vj) 
should or must be maintained. 

[0019] The extent or degree to which the condition S/2«BER rea i(vj) should or must be 
maintained for a given optical network will vary depending on several parameters 
associated with the network architecture, integrity constraints related to the type of 
informational content being transmitted, operating and performance characteristics of 
optical fiber, modules, and components utilized in the network, as well as the preferences 
of those designing and operating the network. As such, it is anticipated that the impact of 
variations will be simulated and evaluated on a case-by-case basis using conventional 
modeling techniques, and choices made regarding the exact implementation of the 
present method based upon those prevailing factors and the results of modeling. 
[0020] As noted above, the assumption regarding an equal balance between the 
numbers of transmitted Is and 0s depends upon the lowest BER value to be measured in 
order to perform the g-fitting algorithm. So, for example, if BER measurements were to 
be taken from values in the range of 10" 3 down to 10" 10 , then the degree to which the 
assumption must hold true may be approximated as one part in 10 10 . Conversely, if BER 
measurements were only to be taken down to 10" 7 , then the accuracy of the balance 
assumption need only hold true to approximately one part in 10 7 . It is expected that in 
many conventional networks, BER measurements down to 10" 7 or 10" 8 should suffice for 
performing accurate g- fitting analyses, and allow gating intervals on the order of one 
second or less. 

[0021] It will be readily appreciated that the 0-factor, which is normally defined as the 
SNR at the decision circuit in either voltage or current units, may be expressed using the 
equation Q = \vl\-\x 0 \ I (cn-ao) where |i, 0 represent mean values and cti, a 0 represent 
standard deviations. While Q may be measured directly using a sampling oscilloscope, it 
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does not provide a good correlation to BER for reasons well known to those in the art. 
However, given the assumption of fitting data to a Gaussian characteristic, the BER at a 
selected decision level Vj may evaluated using a conventional Q-fitting algorithm 
expressed as: 



[0022] Various changes, adaptations, and modifications may be made to the present 
invention as represented by the exemplary embodiments described herein without 
departing from the spirit and scope of the invention as understood and recognized. Thus, 
it is intended that the present invention cover the modifications, adaptations, and 
variations to this invention provided they come within the scope of the appended claims 
and their equivalents. 
[0023] What is claimed is: 




in which erfc(x) is a complementary error function expressed as: 
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